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The effect of habitat fragmentation on the structure of orchid bee
communities was analyzed by the investigation of the existence of a
spatial structure in the richness and abundance of Euglossini species and
by determining the relationship between these data and environmental
factors. The surveys were carried out in four different forest fragments
and one university campus. Richness, abundance, and diversity of spe-
cies were analyzed in relation to abiotic (size of the area, extent of the
perimeter, perimeter/area ratio, and shape index) and biotic character-
istics (vegetation index of the fragment and of the matrix of each of the
locations studied). We observed a highly significant positive correlation
between the diversity index and the vegetation index of the fragment,
landscape and shape index. Our analysis demonstrated that the ob-
served variation could be explained mainly by the vegetation index and
the size of the fragment. Variations in relative abundance showed a
tendency toward an aggregated spatial distribution between the frag-
ments studied, as well as between the sampling stations within the
same habitat, demonstrating the existence of a spatial structure on a
small scale in the populations of Euglossini. This distribution will deter-
mine the composition of species that coexist in the area after fragmen-
tation. These data help in understanding the differences and similarities
in the structure of communities of Euglossini resulting from forest
fragmentation.
Introduction
Forest fragmentation occurs when a large area of native
forest is transformed into a series of smaller remnant
patches isolated by an intervening matrix hostile to forest
organisms (Bierregaard et al 1992, Didhan 1997). The eco-
logical principles derived from the well-known Equilibrium
Theory of Island Biogeography of Robert MacArthur and
Edward O. Wilson can be used for the planning of preser-
vation units (Begon et al 2007, Ricklefs 2008) and for a
comprehension of the ecological processes that govern
preservation areas already established. Within this ap-
proach, a variety of species are investigated in relation to
the main factors that affect the dynamics of forest frag-
ments, which are area size, shape, degree of isolation, and
connectivity (Viana et al 1997). Considering the unquestion-
able fact that forest fragmentation occurs at an alarming
rate in the southeast region of Brazil (Fjeldsa & Rahbek
1997), this study aimed to contribute to increase the un-
derstanding on the effects of habitat fragmentation by
focusing particularly on the euglossine bees.
Pioneer studies in the Amazon Forest examined the
differences of size of area and changes in the structure of
the community of small fragments. Powell & Powell (1987)
observed euglossine bees pre- and postisolation into small
forest fragments separated by small clearings. These
authors concluded that the creation of patches from con-
tinuous forest fragments may make it impractical to main-
tain these populations, and thus, the monitoring of
fragments of different sizes including those larger than
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10,000 m2 would be necessary to determine the impact of
habitat fragmentation on the populations of Euglossini.
Later, spatial and temporal differences were found in com-
position (Morato 1994, Oliveira & Campos 1995, Becker et
al 1991, Morato et al 1992) and in diversity (Oliveira &
Campos 1995) of species as a result of deforestation.
Meanwhile, Becker et al (1991) and Tonhasca et al
(2002) did not find a relation between the size of the forest
fragment and abundance and richness of euglossini spe-
cies. Somewhat similar results were obtained in other
studies and an abundance of euglossini males showed a
positive correlation with the size of the area, but not with
the number of species (Bezerra & Martins 2001, Sofia &
Suzuki 2004, Rasmussen 2009). These results were attrib-
uted to the great flight capacity of these species, as initially
described by Janzen (1971) and Williams & Dodson (1972).
Therefore, the Euglossini would not be susceptible to dis-
turbances in the habitat, but long-term studies can provide
insight into the factors that are important in the mainte-
nance of bee diversity (Rasmussen 2009).
Besides the size of the area, other resultant effects of
forest fragmentation were considered in studies of Euglos-
sini communities. Storck-Tonon et al (2009) found that
species richness was greater in fragments with less edge
area, greater quantity of vegetation cover and more con-
nectivity, while Brosi (2009) determined that abundance
was positively related to the size of the area, but negatively
related to the shape of the fragment. However, richness
was greater in the fragments with greater edge area and
not related to isolation (Brosi 2009). These authors also
attributed their findings to the flight capacity of these
species, although substantial differences were observed
between sampling stations separated by small clearings
(Powell & Powell 1987, Becker et al 1991, Morato 1994).
The spatial distribution of the euglossines can be
understood from the hypothesis formulated by Armbruster
(1993), which suggests a spatial structure for these popula-
tions on a small scale. Concerning this hypothesis, some
locations are favorable for nesting, forming aggregates of
nests, as observed for Euglossa surinamensis (L.) (Myers &
Loveless 1976). In addition, despite a great flight capacity, it
was observed that males of Euglossa imperialis remain for-
aging in one location and can be recaptured during a period
of several days (Kroodsma 1975, Ackerman & Montalvo
1985).
Our data constitute a large database of long-term study
on the effects of habitat fragmentation on bees. An inven-
tory of the fauna of Euglossini was made, basically to
evaluate composition, abundance, and species richness.
These parameters were studied in three forest fragments
of a seasonal semideciduous forest, a fragment of Brazilian
savanna and in a university campus. A second analysis took
into consideration the species abundance and the effects
of forest fragmentation, measured by spatial scales (area
and shape of each area studied) and the normalized differ-
ence vegetation index (NDVI) of the areas and of the
landscape surrounding it. Finally, the existence of a spatial
structure on a small scale in the populations of Euglossini
was examined according to the hypothesis of the distribu-
tion in “hot spots” (Armbruster 1993).
Material and Methods
Study site
The study was conducted in five different localities in the
central-west region of the state of São Paulo, Brazil (Fig 1).
In this region, there is a predominance of seasonal semi-
deciduous forest, which includes forested savanna as well,
according to the classification of Veloso et al (1991). The
regional climate, according to the Köppen classification is
Cwa, mesothermic with dry winter.
The euglossini bees were sampled in the municipali-
ties of Bauru, Agudos, Galia, and Alvinlândia, in four
different forest fragments and in a university campus
(Fig 1). The Permanent Preservation Area Vargem Limpa
(PPAVL) in Bauru, SP (22°21′ S, 49°01′ W and 22°21′ S, 49°
00′ W; 580 m asl) has a total preservation area of about
1,274 ha. The native vegetation is a Brazilian forested
savanna (cerradão physiognomy), with a very dense tree
stratum, usually showing Copaifera langsdorffii, Cous-
sarea hydrangeaefolia, Siparuna guianensis, Xylopia aro-
matica, Vochysia tucanorum, and Myrcia guianensis
(Cavassan et al 2006). The landscape is composed of
farms, pastures, and urban area. The Permanent Preser-
vation Area of Duratex (PPAD) is situated in the munic-
ipality of Agudos, SP (22°47′ S, 48°99′ W and 22°29′ S,
48°51′ W; 580 m asl), and the fragment studied covered
94.22 ha inside an area of 920 ha of native vegetation
and reforestation (Pinus and Eucalyptus). It is a fragment
of seasonal semideciduous forest, with the most impor-
tant botanical families being Leguminosae, Rubiaceae,
and Myrtaceae (Cavassan & Paschoal 1999). The Ecolog-
ical Station of Bauru (ESB), located in the municipality of
Bauru, SP (22°15′ S, 49°05′ W, and 22°07′ S, 49°04′ W;
altitude 530 m asl), is a remnant of a seasonal semi-
deciduous forest with an area of 287 ha. The most important
botanical families are Leguminosae, Rutaceae, Myrtaceae,
Boraginaceae, Meliceae, and Lauraceae (Cavassan et al
1984), and it is surrounded by pastures. The Ecological Sta-
tion of Caetetus (ESC), located between the municipalities of
Galia and Alvinlândia (22°22′ S; 49°40′ W, and 22°27′ S; 49°
43′W; 530m asl), has an area of 2,308 ha and harbors one of
the largest seasonal semideciduous forest remnants in the
state of São Paulo (Durigan et al 2000). The most important
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tree species of the upper stratum are Metrodorea nigra,
Savia dictyocarpa, Ocotea indecora, Aspidosperma poly-
neuron, and Trichilia catigua (Durigan et al 2000). The area
is surrounded by agricultural areas, mainly growing coffee
and pasture. Finally, the campus of Bauru (UCB), of the
Universidade do Estado de São Paulo (UNESP), located in
Bauru, SP (22°21′ S; 49°01′ W and 22°20′S; 49°01′W; ∼580 m
asl), has a built area of 52.47 ha, including gardens. The area
was originally covered by cerradão and was subsequently
occupied by a farm and finally by the university campus.
During the study period, the vegetation was composed of
native trees, ornamental, and fruit-bearing plants. This area
is separated from the preceding (PPAVL) by a highway (width
of 50–60 m), and its landscape is composed of cerradão
fragments (PPAVL) and an urban residential area.
Methods and analyses
The areas were analyzed using the orthorectified Landsat
ETM+ image, orbit-point 221/75 from May 14, 2000,
obtained through the Global Land Cover Facility website.
The software utilized was the ENVI (ITT) and the ArcGis 9.3
(ESRI). The fragments from the Landsat image were vec-
torized, allowing the estimation of vegetaded area, perim-
eter, and distance between fragments. Buffers of 1,000 m
were created around each fragment to represent their area
of influence (here called landscape).
For analysis of the vegetation cover, the NDVI was calcu-
lated for the fragments and their areas of influence. This index
is one of the most utilized vegetation indices and is calculated
from reflectance measurements in the red and near-infrared
portion of the electromagnetic spectrum. The NDVI values
range from −1.0 to 1.0, where vegetation cover is represented
in the interval between zero and 1.0 (response in the red
lower than in the near infrared), in an increasing gradient.
The Euglossini male bees were sampled using odor-
baited traps similar to those used by others (Campos et
al 1989, Becker et al 1991, Morato 1994, Oliveira & Campos
1995, Bezerra & Martins 2001, Souza et al 2005, Nemésio &
Morato 2006, Aguiar & Gaglianone 2008, Ramalho et al
2009, Storck-Tonon et al 2009). Although the sampling
technique for male euglossine using insect net has been
proven to be more effective than the use of traps (Nemésio
and Morato 2006, Storck-Tonon et al 2009), some studies
have shown that the fauna of euglossine bees may vary
over short distances (Becker et al 1991), and, consequently,
a single collection station could not be regarded as suffi-
cient to represent the habitat and the area in which it was
performed (Armbruster 1993). This assumption was funda-
mental for the choice of the trap technique, as it allows
simultaneous sampling on a larger number of sampling
stations.
Male orchid bees were attracted with compounds that
are highly attractive for a large number of species of bees
Fig 1 Map of the locations
studied (map projection, UTM
Zone 22S; datum, WGS84): 1
Permanent Preservation Area
of Vargem Limpa—Campo
Novo (PPAVL); 2 Permanent
Preservation Area of Duratex
(PPAD); 3 Ecological Station of
Bauru (ESB); 4 Ecological
Station of Caetetus (ESC); and 5
University Campus of UNESP in
Bauru, SP (UCB).
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in southern and southeastern Brazil (Wittmann et al 1988,
Rebêlo & Garófalo 1991, 1997, Sofia & Suzuki 2004). The
chemical baits used were eucalyptol (cineol), eugenol,
methyl salicylate, and vanillin. Skatole was also used in
PPAD, ESB, and UCB and benzyl acetate somente in CUB
(Table 1). Traps were placed on tree branches in shaded
locations, at a height of about 1.70 m from the ground and
3–4 m apart from each other.
Data of the study period and fragrances used are sum-
marized in Table 1. Assuming the hypothesis of distribution
in “hot spots” (Armbruster 1993), we established two to
eight sampling stations at each study site, each station with
an ensemble of traps, containing pure chemical baits. In
the fragments studied (PPAVL, PPAD, ESB, and ESC), sam-
pling stations were established along already existing
paths, 50–100 m apart. In the areas of ESB and PPAD, four
stations along the path were placed close to the center of
the reserve; in ESC, eight stations were placed in the
interior of the fragment, and in PPAVL, there were six
stations, four in the interior of the savanna, and two on
the edge. In the area of UCB, two sampling stations were
established in two woods 50 m apart (0.15 and 0.13 ha).
Sampling was carried out between 1993 and 2000
depending on the area. During the years of 1998 and
1999 traps were placed in the areas on different days,
but the traps were always placed in sunny days at approx-
imately 0800 hours. However, good weather cannot guar-
antee the best conditions for dispersion of fragrances that
are also dependent on relative humidity and the presence
of winds (Tonhasca et al 2002). Therefore, we believe that
such unfavorable conditions for bee attraction occurred
equally in all the studied areas. Traps remained at the site
for a period of 3 days in the forested fragments and 4 days
at the university campus. This procedure was repeated
monthly, always at the same stations previously chosen.
We considered a sample unit the number of males cap-
tured in each trap.
The data of the first 3 years of study on the university
campus (UCB) were considered in the design of the
adopted methodology for the forested fragments: basically
the choice of fragrances and exposure time of the traps in
the sampling stations. The fragrance benzyl acetate was
not used in other areas because of its extremely low
attractiveness (1% of individuals). The fragrance skatole
was not used in PPAVL and ESC for a temporary difficulty
in importing the product. Traps remained exposed for
3 days (UCB traps remained four days at the stations being
removed on the fifth day).
The study results showed that these minor changes in
methodology did not affect the analyses of community
structure. The fragrance skatole was equivalent to vanillin,
and it did not attracted species different from the ones
collected with the remaining fragances, neither increased
species abundance attracted in fragments where used
(PPAD and ESB). Abundance was assessed by comparisons
between sites, which were performed considering similar
collection effort: We used a ratio of the number of individ-
uals captured by the total number of samples (months×
stations×baits), considering the same period in which sam-
ples were taken (1998––1999). In the particular case of
UCB, we considered only the number of individuals cap-
tured during the first 3 days of traps exposure.
The richness and abundance of Euglossini in the five
locations studied were analyzed using the Shannon–Wie-
ner diversity (Neperian logarithm) and Simpson dominance
indices (Magurran 1988). We used analysis of variance to
compare the spatial distribution of the species within the
fragments. For these calculations, we considered all the
samples obtained utilizing the software Biodiversity-Pro.
Other analyses were performed with the statistics program
SPSS Statistics 17.0, and the abundance of males of each
species was compared by the nonparametric chi-squared,
Pearson’s chi-squared, and Kruskall–Wallis tests in order to
test the hypothesis that the numerical differences were
not statistically significant. The relations between the num-
ber of species, individuals and Shannon–Wiener diversity
(Neperian logarithm) indices and the variables size of the
area, perimeter, shape index, perimeter/area ratio, and the
Table 1 Data and methods used: period studied, number of monthly samples (NMS), number of sampling stations (NSS), and fragrances and
number of traps.
Study sites Period/NMS NSS Fragrances and number of traps
PPAVL (Permanent Preservation Area of Vargem
Limpa—Campo Novo)
Aug/96–Sep/99
(38 months)
6 Eucalyptol, eugenol, methyl salicylate, vanillin) (4)
PPAD (Permanent Preservation Area of Duratex) Jan/98–Apr/00
(24 months)
4 Eucalyptol, eugenol, methyl salicylate, skatole and vanillin (5)
ESB (Ecological Station of Bauru) Jan/98–Dec/99
(24 months)
4 Eucalyptol, eugenol, methyl salicylate, skatole and vanillin) (5)
ESC (Ecological Station of Caetetus) Aug/97–Oct/00
(39 months)
8 Eucalyptol, eugenol, methyl salicylate, vanillin) (4)
UCB (University campus of UNESP in Bauru) Jul/93–Nov/99
(77 months)
2 Eucalyptol, eugenol, methyl salicylate, vanillin, skatole and
benzyl acetate (6)
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NDVI for the fragments and their areas of influence (land-
scapes) were determined by Spearman’s correlation test.
In these calculations, only the samples obtained in the
same period (24 monthly samples) were considered. The
shape index was calculated by the mathematical expres-
sion: perimeter of the fragment divided by the square root
of the area, divided by four. In a square area, the shape
index is equal to 1.0, and in a circular area, the shape index
is equal to 1.13.
Analysis of factors was employed for the purpose of
determining the subjacent structure of the data
obtained in the four forest fragments and at the uni-
versity campus. The principal axis factoring method was
used. This procedure depends on the adequacy of the
sampling and the Kaiser–Meyer–Olkin measurement
(KMO and Bartlett’s test), which indicates the propor-
tion of variation in the variables that can be caused by
subjacent factors (if the value is <0.50, the results of
the analysis of factors are probably not very useful).
We also utilized Bartlett’s sphericity test, which tests
the hypothesis that the correlation matrix is the iden-
tity matrix, and indicates that the variables are not
related and consequently inadequate for the detection
of the structure (values <0.05 for the level of signifi-
cance indicate that analysis of factors can be useful
with the data).
The collected bees have been deposited at the “Coleção
Entomológica Paulo Nogueira Neto, Departamento de Eco-
logia Geral, Universidade de São Paulo, SP”, Brazil. The
taxonomic nomenclature adopted followed Moure et al
(2008).
Results
Males of four genera of Euglossini were found in all frag-
ments studied in the following order of abundance:
Eulaema, Eufriesea, Euglossa, and Exaerete. The cumula-
tive number of species present in the monthly samples
showed that the curve plateaued for ten species on the
university campus after the 43rd monthly sample. In the
other study locations, the curves obtained showed the
same tendency, but more species were recorded with an
increase in the number of monthly samples (Fig 2).
A total of 7,162 individuals and 11 species were captured
(Table 2). The university campus (UCB) displayed the great-
est abundance of individuals, followed by the fragment of
cerrado (PPAVL) and the forest fragments Ecological Sta-
tion of Caetetus (ESC), Ecological Station of Bauru (ESB),
and Permanent Preservation Area of Duratex (PPAD). The
total absolute number of males recorded showed signifi-
cant differences between locations (chi-squared04,502.71;
df04; P<0.001) and significant differences in the relative
abundance of the species between the locations studied
(Pearson’s chi-squared03,515.224; df040; P<0.001).
The most abundant species (n>1%) were considered for
analysis of the spatial distribution between the locations
studied. Considered altogether, they represented 99.5% of
the total males captured. Eufriesea violacea (Blanchard),
Euglossa annectans Dressler, Euglossa fimbriata Rebêlo &
Moure, Euglossa melanotricha Moure, Eulaema nigrita
Lepeletier, and Exaerete smaragdina (Guérin), although
presented in all fragments, showed statistically significant
differences in abundance of individuals between sites
(Table 2). Eulaema nigrita was approximately three times
more abundant at the university campus (UCB) than at the
savanna (PPAVL); a similar proportion was observed for E.
(Euglossa) melanotricha. The highest number of Exaerete
smaragdina was found at the university campus (UCB),
which was notable when compared to the abundance of
this species in the other fragments studied. The abundance
of Eufriesea violacea (Blanchard) was greater in the two
forest locations (ESB and ESC), but seven times greater in
the largest forest fragment (ESC) when compared to the
small fragment (ESB). Similar distribution was observed for
Euglossa (Glossura) annectans, but in this case, the numer-
ical differences between the other study locations were
not so substantial. Euglossa (Euglossa) fimbriata was also
more abundant in the forest (ESB), where it was the sec-
ond most abundant species.
Some species were rare in the samples (0.5% of males),
especially Euglossa carolina Nemésio and Euglossa secur-
igera Dressler, represented by only one individual, found in
the forest (PPAD) and on the university campus (UCB).
Euglossa truncata, with only four individuals sampled,
Fig 2 Species accumulation curves for monthly samples obtained in
the forest fragments (PPAD, ESB, and ESC), in the savanna (PPAVL)
and on the university campus (UCB).
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and Euglossa cordata (L.), with 18 individuals sampled,
were captured in the forest (ESC), in the savanna (PPAVL),
and in the university campus (UCB). Euglossa pleosticta
Dressler, represented by 11 males, was found in forest
environments (PPAD, ESB, and ESC) and in the university
campus (UCB) (Table 2). Two males of Euglossa townsendi
Cockrell were sampled in flowers of Rhododendron simsii
and Inga sp. at the university campus (UCB), whereas a
female of Euglossa of the group cordata was sampled in
flowers of Vochysia cinamonea and a female of Euglossa of
the group purpurea in Senna sp.
The richness described by the number of species was
greater within the university campus followed by ESC. The
Shannon diversity index was greater for the fragments of
forest ESC and ESB; dominance was greater at the campus
university (UCB) followed by the fragment of the adjacent
savanna (PPAVL). Eulaema nigrita was the dominant spe-
cies in all locations, except in ESC, where dominance was
divided between Eufriesea violacea and Eulaema nigrita
(Table 2).
The spatial distribution of males was analyzed with the
abundance data from the sampling stations established
inside the locations studied. Differences in the total abun-
dance of males of euglossines (Fig 3) between the sampling
stations were statistically significant for the forest frag-
ments, but not for the university campus (Kruskal–Wallis
chi-squared PPAVL024.993, df05, P<0.001; PPAD059.739,
df03, P<0.001; ESB021.966, df03, P<0.001; ESC0262.135,
df07, P<0.001; UCB00.134, df01, P00.715). The spatial
distribution of the most abundant species (n>1%) was also
analyzed in relation to the sampling stations (Table 3). All
species showed a tendency for aggregated male distribu-
tion in the sampling stations, which was more evident in
the forest locations (PPAD, ESB and ESC), except for
Euglossa melanotricha, which was more abundant in the
savanna (PPAVL) and in the university campus (UCB).
The richness, abundance, and diversity of species during
1998–1999 were analyzed in relation to abiotic (size of the
area, extent of the perimeter, perimeter/area ratio, and
shape index) and biotic characteristics (vegetation index of
Table 2 Species, absolute num-
ber, and percentage of Euglos-
sini males captured in the sites
studied.
For the most abundant species
(n>1%), values for parametric
chi-square test are given (df04
and P<0.001) for all the com-
parisons. Shannon diversity and
Simpson dominance indices are
supplied. Permanent Preserva-
tion Area of Vargem (PPAVL),
Permanent Preservation Area of
Duratex (PPAD), Ecological Sta-
tion of Bauru (ESB), Ecological
Station of Caetetus (ESC), and
University campus of UNESP in
Bauru, SP (UCB).
Species Sites
PPAVL PPAD ESB ESC UCB Total
Eufriesea violacea (Blanchard) (χ201544.03) 3 9 70 488 4 574
0.2% 2.0% 11.6% 38.9% 0.1% 8.0%
Euglossa (Glossura) annectans Dressler
(χ20319.91)
27 58 29 202 34 350
2.2% 12.6% 4.8% 16.1% 0.9% 4.9%
Euglossa (Euglossa) carolina Nemésio 0 1 0 0 0 1
0.0% 0.2% 0.0% 0.0% 0.0% 0.0%
Euglossa (Euglossa) cordata (Linnaeus) 3 0 0 4 11 18
0.2% 0.0% 0.0% 0.3% 0.3% 0.3%
Euglossa (Euglossa) fimbriata Rebêlo & Moure
(χ2099.38)
47 43 149 74 62 375
3.8% 9.3% 24.7% 5.9% 1.7% 5.2%
Euglossa (Euglossa) melanotricha Moure
(χ20762.73)
92 1 4 4 281 382
7.5% 0.2% 0.7% 0.3% 7.8% 5.3%
Euglossa(Euglossa) pleosticta Dressler 0 1 1 5 4 11
0.0% 0.2% 0.2% 0.4% 0.1% 0.2%
Euglossa (Euglossa) securigera Dressler 0 0 0 0 1 1
0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Euglossa (Euglossa) truncata Rebêlo & Moure 1 0 0 1 2 4
0.1% 0.0% 0.0% 0.1% 0.1% 0.1%
Eulaema nigrita Lepeletier (χ205,338.51) 1,054 339 348 474 3,147 5,362
85.5% 73.7% 57.6% 37.8% 87.2% 74.9%
Exaerete smaragdina (Guérin) (χ20174.21) 6 8 3 2 65 84
0.5% 1.7% 0.5% 0.2% 1.8% 1.2%
Total (χ204,502.71) 1,233 460 604 1,254 3,611 7,162
Total species 8 8 7 9 10 11
Shannon H′ 0.597 0.895 1.129 1.271 0.544 0.96
Simpsons diversity (D) 0.738 0.568 0.408 0.323 0.766 0.575
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the fragment and of the landscape) (Table 4). As expected,
the correlations with the Shannon diversity index were
significant high and positive for vegetation index of the
fragment and of the landscape. When only the fragments
were considered, there was a high negative correlation
between the abundance and the shape index (Table 4).
Analysis of the factors employed to detect the subjacent
structure of the data obtained for the four forest frag-
ments and the university campus of Bauru was possible
given the adequacy of the sampling (KMO measure of
sampling adequacy00.693, df036, P<0.001; and Bartlett’s
sphericity test038,277.673, df036, P<0.001). The analysis
detected three highly correlated principal groupings (axes)
that could explain 56.3% of the variation observed. Using
the extraction method for principal axis factoring, three
latent factors were demonstrated, which described the
relationships between the variables. In decreasing order
of importance, the first axis detected the vegetation index
of the fragment, the vegetation index of the landscape,
and the area the fragment; the second axis detected only
the months, and the third, the shape index (Table 5).
Discussion
The method of attracting the males to odor-baited traps
provided valuable data for the understanding of Euglos-
sini communities. However, the comparison between
different locations is often difficult due to the different
procedures used, which leads to differences in sampling
effort (Nemésio & Morato 2004, Storck-Tonon et al
2009). According to Armbruster (1993), the majority of
the studies, although not explicitly, assume the hypothesis
Table 3 Descriptive analysis of the most abundant species at the sampling stations (S.S.): total number of males (T), variance, mean, chi square,
degrees of freedom (df), probability, and aggregation.
Species S.S. T Variance Mean χ2 df Probability Aggregation
Eufriesea violacea ESB 70 649 17.5 111.257 3 0.001 Aggregated
ESC 488 6,961.14 61 798.81 7 0.001 Aggregated
Euglossa annectans PPAVL 26 10.26 4.33 11.84 5 0.036 Random
PPAD 58 113.66 14.5 23.51 3 0.001 Aggregated
ESB 29 19.58 7,25 8.10 3 0,043 Random
ESC 199 249.55 24.87 70.22 7 0.001 Aggregated
UCB 34 18 17 1.05 1 0.304 Random
Euglossa fimbriata PPAVL 48 16.4 8 10.25 5 0.067 Random
PPAD 43 11.58 10.75 3.23 3 0.357 Random
ESB 149 310.25 37.25 24.98 3 0.001 Aggregated
ESC 69 37.41 8.62 30.36 7 0.001 Aggregated
UCB 60 98 30 3.26 1 0.067 Random
Euglossa melanotricha PPAVL 92 73.86 15.33 24.08 5 0.001 Aggregated
UCB 278 128 139 0.92 1 0.660 Random
Eulaema nigrita PPAVL 1048 1,054.26 174.6 30.17 5 0.001 Aggregated
PPAD 339 9,384.91 84.75 332.20 3 0.001 Aggregated
ESB 348 8,224.66 87 283.60 3 0.001 Aggregated
ESC 470 823.35 58.75 98.10 7 0.001 Aggregated
UCB 3,147 112,812.5 1,573 71.69 1 0.001 Aggregated
Exaerete smaragdina UCB 66 32 33 0.96 1 0.674 Random
Fig 3 Abundance of Euglossini at the sampling stations in the loca-
tions studied: forest fragments (PPAD, ESB, and ESC), in savanna
(PPAVL) and on university campus (UCB).
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that bees show an uniform spatial distribution and, there-
fore, that samples of a single point represent a large area,
habitat, or date (period).
The smaller number of species obtained with the use of
traps at one or two sampling stations per locality, during
short sampling periods, a few months or a year (Nemésio &
Morato 2004), can be compensated by the greater number
of sampling stations during longer periods of time. Howev-
er, in this work, we basically employed the same method in
the five locations studied, which differed only in the num-
ber of sampling stations/studied area and the time of the
study. Our data showed that despite the larger sampling
effort in the forest of ESC (eight sampling stations, 39
monthly samples), a large fragment with little changes by
anthropic activities, the number of species found was
greater in the university campus (two sampling stations,
77 monthly samples), demonstrating the need for longer
monitoring periods for ecological studies, since some spe-
cies are only detected after long periods of sampling. The
higher the sampling effort, the time interval between sam-
ples, and the environmental heterogeinity, the greater is
the chance of finding rare species; therefore, the greater is
the species richness (Storck-Tonon et al 2009). Further-
more, long-term studies (22 years) on tropical bees in
protected forest area in central Panama showed that bee
populations double or halve from one year to the next
(Roubik 2001).
The communities studied show a similar composition,
with species of wide geographic distribution, such as
Eulaema nigrita, Euglossa violaceae, Euglossa fimbriata,
Euglossa melanotricha, Euglossa cordata, Euglossa trun-
cata, and Euglossa smaragdina (Rebêlo & Cabral 1997,
Rebêlo & Silva 1999, Neves & Viana 2003, Nemésio & Faria
2004, Sofia & Suzuki 2004, Souza et al 2005, Carvalho et al
2006, Nemésio & Silveira 2007). The composition of spe-
cies reported in this study was similar to the fauna of
Euglossini presented in areas with similar vegetation (sea-
sonal semideciduous forest) in the south of Brazil, differing
basically in relative abundance and presence or absence of
less frequent species (Sofia & Suzuki 2004, Sofia et al
2004).
The richness observed (12 species) was close to that
obtained for Euglossini fauna recorded in the south and
northeast of the state of São Paulo (Rebêlo & Garofalo
1991, 1997, Knoll et al 2004). Considering all the locations
studied, we can estimate between seven and 14 species of
Euglossini that can be locally surveyed using the method of
attracting males to odor-baited traps. Together, these
studies indicate a total of 22 species of Euglossini in the
state of São Paulo.
The results obtained for the forest fragments studied
indicate that the communities of Euglossini in the domain
of the Atlantic Forest are more diversified in the northeast
of São Paulo (Rebêlo & Garófalo 1991, 1997, Silveira et al
2011), and even more in the coastal region (Knoll et al
2004), in the humid areas of the Atlantic Forest. When
compared to the fauna of Euglossini in the semideciduous
forest in the north of the state of Paraná, the greater
diversity found is due to the uniformity in abundance of
species found than the richness obtained (Sofia & Suzuki
2004). Studies carried out in various localities in Brazil
reveal that the Shannon–Wiener diversity index calculated
for the communities of Euglossini shows a variation
Table 4 Spearman correlation
coefficient (rs) between richness
of Euglossini, abundance and
Shannon diversity index and size
of the area, perimeter, perime-
ter/area ratio, shape index,
normalized difference vegeta-
tion index for the fragments
(NDVIF), and their areas of in-
fluence (NDVIM).
Results obtained for the same
sampling period, 1998–1999.
*P00.05; **P00.01.
Fragments/Places Area (hc) Perimeter (km) Edge: area rate Shape Index NDVIF NDVIM
Savanna APAVL 1,274 21.65 0.002 1.51 0.29 0.17
Forest APPD 94.22 10.65 0.011 2.74 0.44 0.27
Forest EEB 287 9.06 0.003 1.34 0.47 0.26
Forest EEC 2,308 24.88 0.001 1.29 0.47 0.30
University CUB 52.47 3.90 0.007 1.35 0.17 0.15
All areas
(N05)
Species rs n.s. n.s. n.s. n.s. n.s. n.s.
Abundance rs n.s. n.s. n.s. n.s. n.s. n.s.
Shannon rs n.s. n.s. n.s. n.s. 0.975** 0.900*
Fragments
(N04)
Abundance rs n.s. n.s. n.s. −1.0** n.s. n.s.
Table 5 Rotated factor
matrix resulting from
the extraction method
principal axis factoring.
Rotation method: vari-
max with Kaiser nor-
malization. Rotation
converged in five
iterations.
Factor
1 2 3
Year 0.641 −0.154 0.104
Months 0.064 0.861 0.050
Fragrance −0.060 0.042 0.310
Station 0.553 0.094 0.076
NDVI-F 0.984 0.046 0.014
NDVI-M 0.943 0.085 −0.022
Area (hc) 0.708 0.139 −0.528
Shape 0.259 −0.037 0.599
Species −0.484 −0.238 0.268
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between 0.22 and 2.57, with the Amazon Forest being the
region with greatest richness and diversity (Silva et al
2009). A comparison of diversity indices should also take
into account the methods of capture. The large-bodied
bees of the genus Eulaema, for example, were captured
more frequently with the trap method (74–79%) than with
the insect net (37–39%) (Nemésio & Morato 2006).
The tendency toward an aggregated distribution between
the fragments studied was also verified by other investigators
for particular species (Becker et al 1991, Oliveira & Campos
1995, Rebelo & Garofalo 1997, Peruquetti et al 1999, Bezerra
& Martins 2001, Tonhasca et al 2002, Sofia & Suzuki 2004,
Souza et al 2005, Alvarenga et al 2007, Nemésio & Silveira
2007, Ramalho et al 2009). In general, species composition
and relative abundance show high similarity with respect to
the rank of abundance, but there may be alternation of
species that occupy the ranks between communities restrict-
ed to fragments of a locality or region.
In natural communities, dominance can be shared by
two or more species, as observed in the well-preserved
fragment (ESC) with Eufriesea violacea and Eulaema nig-
rita. This tendency was also observed in forest fragments
by other investigators (Wittmann et al 1988, Viana et al
2002, Sofia & Suzuki 2004, Carvalho et al 2006, Alvarenga
et al 2007, Silveira et al 2011).
The extremely high relative abundance of Eulaema nig-
rita, especially in urban communities and also in locations
with greater intensity of anthropic alterations, as observed
in this study, has been already reported (Peruquetti et al
1999, Bezerra & Martins 2001, Tonhasca et al 2002, Aguiar
& Gaglianone 2008, Storck-Tonon et al 2009). The con-
trasting distribution observed for two dominant species,
Eulaema nigrita, more abundant on the edges, and
Eulaema analis, more abundant in the interior of the frag-
ment (Nemésio & Silveira 2006), suggests that these spe-
cies can be considered bioindicators of perturbation and of
integrity of the habitat, respectively. Considering that
insects, mainly bees, can be used as indicators in studies
on the effects of habitat fragmentation (Brown 1991), our
data show that at least in the region studied, Eulaema
nigrita can be used as a bioindicator of environmental
perturbation in long-term studies for monitoring forest
fragments. Similarly, Eufriesea violacea can be a bioindica-
tor of conservation in forest habitats (Sofia & Suzuki 2004,
Giangarelli et al 2009).
The investigation on the relation of some environmental
characteristics of forest fragments with the abundance and
richness of Euglossini species is still incipient. Some studies
(Powell & Powell 1987, Becker et al 1991, Bezerra & Martins
2001, Sofia & Suzuki 2004, Nemésio & Silveira 2007, Brosi
2009) confirm the notion that larger fragments show
greater abundance of individuals. However, another study
that examined the size of the area of remnant native
vegetation with abundance and diversity showed that the
smaller the fragment, the higher abundance and richness
(Aguiar & Gaglianone 2008). Our results confirm the ten-
dency observed by Tonhasca et al (2002) that the size of
the fragment was not a predictor of abundance. Such
results show that this should be considered with caution
in view of the bias caused by differences in sampling effort,
especially the number of sampling stations and the time of
sampling, as previously mentioned.
Another point that affects the degree of isolation or,
inversely, the degree of connectivity is the distance be-
tween fragments (Awade & Metzger 2008). In this aspect,
Brosi (2009) determined that abundance was not signifi-
cantly affected by the connectivity of the areas. The eval-
uation of the distances between the locations studied
show a null connectivity between the forest fragments.
Despite the euglossine males being capable of flying long
distances (Janzen 1971, Williams & Dodson 1972), defor-
ested areas as narrow as 100 m appear to be true barriers
to dispersion (Powell & Powell 1987, Becker et al 1991,
Morato 1994). Our data appear to confirm such results,
not only by the difference in the diversity indices but also
by the large difference found in the abundance of Eulaema
nigrita, a large-bodied specie, which could easily cross the
highway barrier.
No correlation between the richness and the size of the
area has been reported in several studies (Becker et al
1991, Peruquetti et al 1999, Bezerra & Martins 2001, Sofia
& Suzuki 2004; Rasmussen 2009), although Brosi (2009)
reported a negative correlation with the size of the area,
while a positive correlation was recorded with the extent
of the edge. In these cases, the authors attributed their
results to the euglossines great flight capacity (Janzen 1971,
Williams & Dodson 1972, Raw 1989), making them capable
of covering long distances. In studying the edge effect on
the Euglossini community, Nemésio & Silveira (2006) found
only small and nonsignificant variations in richness and
abundance between the sampling points.
In contrast to richness and abundance, the diversity
index appeared to be indicated for the analysis of the
ecological factors that influence the Euglossini communi-
ties in environments with different degrees of anthropic
interference. This fact was detected in Atlantic forest frag-
ments with different perturbation degrees, where the
smaller fragment presented the lowest value of diversity
(Aguiar & Gaglianone 2008). We demonstrated the impor-
tance of the fragment and landscape vegetation cover and
the shape index. A similar result was obtained in a study
conducted in five forest fragments, remnants of Atlantic
Forest in southeastern Brazil, in which was observed pos-
itive and significant correlations between bee species rich-
ness and the area size, and bee diversity (H′) and floristic
diversity (H′) (Ramalho et al 2009).
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The apparent disparities observed in the analyses of the
relations between abundance and richness and environmen-
tal characteristics can be partially attributed to the limitation
imposed by the correlation index when we consider the
variables individually; however, each fragment has unique
environmental conditions as a result of the interactions be-
tween the various ecological factors. The analysis of the
principal components tries to overcome this bias in consider-
ing the matrix of correlations between the correlated varia-
bles. When we treat the data in this manner, the results focus
on the importance of the relation of the euglossine commu-
nity to the vegetation cover of the fragment, influence of the
landscape in which the fragment exists and the area size.
Habitat heterogeneity is considered an important mech-
anism influencing diversity patterns in spatially structured
habitats. However, spatial heterogeneity is not static and it
can change along temporal scales (Munguia et al 2010). In
the case of euglossine bees, studies that evaluated differ-
ences in the composition and relative abundance of species
within the habitat provided evidence against (Tonhasca et
al 2002, Nemésio & Silveira 2006, Rasmussen 2009) and
for (Becker et al 1991, Armbruster 1993, Silveira et al 2011)
the hypothesis of small scale population heterogeneity.
These results, although seemingly contradictory, show a
pattern of relative abundance within the habitat as found
in protected tropical moist forest in Panama (Roubik 2001).
The top 10 species in abundance (60–70% each month)
were similar across sites, but differed in rank (Roubik
2001). Thus, we can assume that the differences are con-
sistent (30–40%) for the less abundant species and impor-
tant in the assessment of diversity and, therefore, the
preservation of natural communities.
Our results also show the existence of a spatial structure
on a small scale in the populations of Euglossini, which can
be explained by the distribution in “hot spots” (points of
production of fragrances and other resources of flowers,
fungi, etc.) (Armbruster 1993) and availability of nesting
locations. Thus, one of the effects of forest fragmentation
on Euglossini communities is the possible isolation of these
“hot spots,” consequently determining which species will
coexist in each particular fragment and which species may
be locally extinct depending on environmental character-
istics. The effect is a mosaic landscape, where the func-
tioning of each community in the isolated fragments can
thereby be evaluated by long-term studies by monitoring
the populations using standard sampling methods, which
involve the least possible interference, avoiding the remov-
al of males by intensive samplings.
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